Introduction
In this paper we consider the ARMARKOV adaptive control (AAC) algorithm developed in [4] . This algorithm was developed specifically for active noise and vibration control applications and has been implemented experimentally on laboratory-scale experiments [2, 4, 51. These results depend upon the availability of a model of only the secondary path transfer function from the control input to the error variables. We note that the AAC algorithm does not require a model of the feedback transfer function nor does it require a model of the transfer function from plant disturbances to sensors and, unlike adaptive feedforward algorithms, it does not require measurements of the disturbance signals.
For implementation the secondary path model is obtained by means of off-line identification using the AR-MARKOV/Toeplitz recursive identification method of [l] . The purpose of the present paper is to develop an indirect adaptive control extension of the AAC algorithm that includes simultaneous identification of the secondary path transfer model represented by the Toeplitz matrix B,,.
To do this we update the secondary path matrix B,, at each time step by means of the ARMARKOV/Toeplitz recursive identification method of [l] . To perform simultaneous identification in the presence of ambient disturbances, it is necessary to inject an additional uncorrelated identification signal, UID. To oversee the proper functioning of simultaneous control and identification, a supervisory controller is used to make mode-switching decisions which include 'toggling controller adaptation', 'switching control signal ON/OFF', 'toggling simultaneous identification' etc. The identification signal UID is turned OFF when identification is not being performed. The supervisory controller bases its decisions on change in performance and thus is based entirely on measured data; no prior modeling is required. The paper presents the results of a numerical and experimental study of AAC with simultaneous identification by means of the supervisory controller. This study investigates the ability of the adaptive controller to reject tonal, dual-tone and broadband disturbances, to recover performance in the face of disturbance spectrum changes and respond to plant changes that can threaten to destabilize the closed-loop system. These features are of special interest in view of the fact that the algorithm neither requires nor utilizes a model of the feedback transfer function.
The AAC algorithm, on-line identification, and supervisory controller are then implemented on a real-time multiprocessor for experimental application. Experimental results of tests conducted on an acoustic duct system validate the results obtained from the numerical study.
Standard Problem Representation
Consider the linear discrete-time system
The disturbance w ( k ) , the control u(k), the measurement y(k) and the performance z(k) are in R m W , R m U , R 1~ and R ' z , respectively. The objective of the standard problem is to determine a controller Gc that produces a control signal u(k) = Gcy(k) such that a performance measure involving z(k) is minimized.
Next we present the ARMARKOV/Toeplitz model of (1)
Y ( k ) = W,w@,w(k) + B,uU(k).
(5)
Here W,,,Wyw, B,, and B,, are the block-Toeplitz matrices as defined in [4] . The extended performance vector Z ( k ) , the extended measurement vector Y ( k ) and the extended control vector U ( k ) are defined as [4] 
A where p , = p + n + p -1, p is a positive integer. The AR-MARKOV regressor vectors @,,,,(k) and Gyw(k) are given
w(k) e --w ( k -p -p -n + 2 ) l T . .
where Hc,j E Rm-x l v are the Markov parameters of the controller and ac,i(k) are parameters associated with the p,-ARMARKOV model of the controller. Li and Ri are constraint matrices consisting of 1's and 0's preserving the block-Toeplitz structure. Thus from (4) and (8) we obtain 
Numerical Simulations
The numerical simulations are based upon a 5 mode (10th order) acoustic duct model derived using modal decomposition of the acoustic response to external acoustic inputs [3] . The duct (length 6 ft) has two acoustic inputs, namely the disturbance speaker situated at x = 0.2 and a control speaker situated at x = 5. Figure 5 . The controller magnitude plot is shown in Figure 6 . We notice that the controller, similar to the single-tone case, employs an internal model to reject both tones.
Figure 7:
Here a single-tone disturbance with changing frequency is considered (frequency is changed from 350 Hz to 235 Hz at t e 5.6 seconds).
After a small period of adaptation the new disturbance is successfully rejected. However it is noted that the algorithm converges such that the high gain at 350 Hz employed to reject the previous frequency is kept unchanged. For more details about these special characteristics of the ARMARKOV controller, see [6] . Note that the supervisory controller turns OFF the adaptation when the controller converges. sec). A single-tone disturbance is considered. After the instability is introduced, the supervisory controller resumes controller adaptation and the algorithm manages to converge to a stabilizing controller and rejects the disturbance.
Experimental Results
This section presents the results of an experimental study conducted on an acoustic duct assembly (see schematic in Figure 2 ). The acoustic duct (4.5 feet long) has a disturbance speaker and a control speaker attached at opposite ends. Microphones measuring y and z are placed near the disturbance speaker and control speaker respectively. The AAC algorithm, identification algorithm and the supervisory controller are implemented on a dSPACE dual-Alpha real-time processor system. One Alpha processor is used to implement the AAC algorithm, while the other is used to implement the identification algorithm and supervisory controller. During identification an estimate B,,(k) of the matrix B,,, is transferred to the 'controller processor' for gradient update at every sampling step (sample rate = 1 KHz). We use an external SRS signal generator to generate the disturbance w. 
Conclusion
In this paper we performed numerical experiments involving the ARMARKOV adaptive control (AAC) algorithm with simultaneous identification. The performance of the algorithm was considered under a diverse set of conditions representing plant and disturbance uncertainty. A supervisory controller was devised to make higher level control decisions for simultaneous operation of control and identification. The numerical study showed that the AAC algorithm was able to reject unknown disturbances without any prior knowledge of the plant and was able to stabilize the plant under extreme destabilizing conditions. Experimental implementation of the algorithm validated the numerical results. Other numerical results investigating the robustness of AAC are presented in [6] . The properties illustrated by the present study will be useful in future investigations of a priori guarantees of stability and performance.
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